Abstract-From a crowded field with 17 candidates, Hillary Clinton and Donald Trump have emerged as the two presidential nominees in the 2016 U.S. presidential election. The two candidates each boast more than 7 million followers on Twitter, and at the same time both have witnessed hundreds of thousands of people leave their camps. In this paper we attempt to characterize individuals who have left Hillary Clinton and Donald Trump between September 2015 and March 2016. Our study focuses on four dimensions of social demographics: social capital, gender, age and race. Within each camp, we compare the characteristics of the current followers with former followers, i.e., individuals who have left since September 2015. We use the number of followers to measure social capital, and use profile images to infer gender, age and race. For classifying gender and race, we train a convolutional neural network (CNN). For age, we use the Face++ API. Our study shows that for both candidates followers with more social capital are more likely to leave (or switch camps). For both candidates females make up a larger presence among unfollowers than among current followers. Somewhat surprisingly, the effect is particularly pronounced for Clinton. Middle-aged individuals are more likely to leave Trump, and the young are more likely to leave Hillary Clinton. Lastly, for both candidates, African Americans make up a smaller presence among unfollowers than among followers, and the effect is particularly strong for Hillary Clinton.
Our study focuses on four dimensions of social demographics: social capital, gender, age and race. Within each camp, we compare the characteristics of those who have left (i.e. unfollowers) with the current followers. We use the number of followers to measure social capital, and use profile images to infer gender, age, and race. For classifying gender and race, we train a convolutional neural network (CNN). For age, we use the Face++ API. 1 A good measure of follower demographics, in turn, enables us to better understand the dynamics of the election.
Our study finds that for both candidates followers with more social capital are more likely to leave (or switch camps). For both candidates, females make up a larger presence among unfollowers than among current followers. Somewhat surprisingly, the effect is particularly pronounced for Clinton. Middle-aged individuals are more likely to leave Trump, and the young are more likely to leave Hillary Clinton. Lastly, for both candidates, African Americans make up a smaller presence among unfollowers than among current followers. This observation is, again, particularly strong for Hillary Clinton.
II. RELATED WORK
Our work builds upon previous research in electoral studies, data mining, and computer vision.
In eletoral studies, researchers have found that gender constitutes an important factor in voting behavior. One common observation is that women tend to vote for women, which is usually referred to as gender affinity effect [2] , [4] , [10] , [18] . Another observation is that pre-election polls tend to underesitmate support for female candidates [17] . In our work, we will test compared with her currently followers whether women are less likely to unfollow Clinton, i.e. the retention rate is high. As for race, analysis by [1] shows that Barack Obama won the 2008 presidential election because of the strong support he has among African Americans. Using 2008 American National Election Studies survey data, [15] shows that negative stereotypes about blacks eroded white support for Obama. In this paper, we will analyze the racial composition of the presidential nominees' followers and unfollowers. In particular, we investigate whether African Americans are more likely to follow Hillary Clinton and less likely to unfollow her, as polls consistently suggest.
In data mining, there is a burgeoning literature on using social media data to analyze and predict elections. In particular, several studies have explored ways to infer users' preferences. According to [14] , tweets with sentiment can potentially serve as votes and substitute traditional polling. [21] exploits the variations in the number of 'likes' of the tweets to infer Trump followers' topic preferences. [20] assumes that more followers will translate into more votes and uses follower growth on public debate dates to measure candidates' debate performance. Our work, by contrast, explores the unique preference-revealing behavior of unfollowing.
Our work ties in with current computer vision research. In this dimension, our work is related to gender, race and age classification using facial features. [5] provides a comprehensive survey of race classification based on facial features. [12] uses a five-layer network to classify both age and gender. [9] collects 4 million weakly labeled images to train an SVM classifier and has achieved an accuracy of 96.98%. [19] uses user profile images to study and compare the social demographics of Trump followers and Clinton followers, and is most closely related to our work. We improve on their work by analyzing both followers and unfollowers and comparing the differences of the two groups. Furthermore, our work is able to track which candidates these unfollowers have switched to.
III. DATA AND METHODOLOGY
In this section, we describe our dataset US2016, the preprocessing procedures and our CNN models. One variable is number of followers. This variable is available for both candidates and covers the entire period from September 18, 2015 to July 14, 2016. Tables 1 and 2 , we report the identified destinations of these unfollowers. For each candidate's followers we also have data on user name, number of followers, geographical information and profile images. Here we make the same assumption as in [19] and use the number of followers as a proxy for social capital, assuming that individuals with a larger number of followers possess more social capital. We derive from the profile images the followers' demographic information, such as age, gender, and race.
To process the profile images, we first use OpenCV to identify faces [9] , as the majority of profile images only contain a face. 2 We discard images that do not contain a face and the ones in which OpenCV is not able to detect a face. When multiple faces are available, we choose the first one. Out of all facial images thus obtained, we select only the large ones. Here we set the threshold to 25kb. This ensures high image quality and also helps remove empty faces. Lastly we crop and resize those images to (224, 224, 3) [11] and (28, 28, 3). In Table III , we report the summary statistics of the images in US2016. To classify gender, we train a convolutional neural network using 42,554 weakly labeled images, with a gender ratio of 1:1. These images come from Trump's and Clinton's current followers. And we infer their labels using the followers' names. For example, James, John, Luke and Michael are male names, and Caroline, Elizabeth, Emily, Isabella and Maria are female names. 3 For validation, we use a manually labeled data set of 1,965 profile images for gender classification. The validation images come from Twitter as well so we can avoid the cross-domain problem. Moreover, they do not intersect with the training samples as they come exclusively from individuals who unfollowed Hillary Clinton before March 2016. The architecture of our convolutional neural network is reported in Figure 2 , and we are able to achieve an accuracy of 90.18%, which is adequate for our task (Table IV) . For classifying race, which is more challenging than gender classification, we use the Caffe implementation of the 16-layer VGG architecture that was pre-trained on the ILSVRC dataset [16] . Again, we build the training, validation, and testing datasets (8 : 1 : 1) entirely using Twitter images, which helps us eliminate the issue of cross-domain prediction. We classify the candidates' followers into four races: White, African American, Hispanic, and Other. To find samples for White individuals, we exploit the surname information in the US2016. According to a technical report by the U.S. Census Bureau [22] , there are 147 surnames that are predominantly White: above 90% of individuals with these names are White. For example, 98.11% of Americans with the surname Yoder are White. This allows us to use these surnames to select White samples, albeit with some noise. The same applies for Hispanics. Over 95% of the Americans with Barajas, Zavala or Orozco as their surname are Hispanic. For African Americans, however, there are no particular surnames associated with them. Instead, we rely on the geographical information and select images samples from Nigeria, Kenya, Ghana, Rwanda, Angola, and Ethiopia. 4 We create a fourth group 'Other' and use 5,431 Asian faces (Chinese and Koreans) as training samples. 5 We report the summary statistics in Table V and the VGG  performance in Table VI . The confusion matrix (Table VI) suggests that the VGG architecture does a good job in classifying African Americans, but it has a hard time distinguishing between Hispanics 4 We do not use samples from South Africa, even though it has the largest number of Twitter users in the continent, because of the considerable presence of White and Asian people in the country. 5 The Asians faces are selected from Chinese and Korean celebrities' Twitter followers. and Whites. The overall accuracy is 83.92%. Given this empirical result, we will confine our race-related discussion to African Americans (i.e. not including the Hispanics).
For lack of data to train the multiple age classes, we decide that for the purpose of age classification, we use the software service from Face++.
IV. MAIN RESULTS
In this section, we present our main results. We first report on social capital, then on gender and thirdly on age. For each dimension, we present results on Clinton and Trump in parallel.
A. Social Capital
In this subsection, we analyze the distributions of the candidates' followers in terms of their own number of followers. For both Hillary Clinton and Donald Trump, we compare the distributions of the unfollowers we identified between September 2015 and March 2016 with the current followers. We present the results in Figure 3 and Figure 4 .
For both candidates, we find that it is those who themselves have more followers that are more likely to leave.
B. Gender
In this subsection, we analyze the gender composition of Clinton's and Trump's unfollowers.
A number of studies have demonstrated the "gender affinity effect" in American elections [2] , [7] . In the first Democratic public debate in October, 2015, Hillary Clinton emphasized her identity as a woman: "Being the first woman president would be quite a change from the presidents we've had, including President Obama." 6 Clinton also enjoys the support of her fellow female politicians. Out of 14 female Democratic senators, 13 have endorsed Clinton's presidential campaign. 7 But there is also strong evidence that Clinton's support among average Democratic women has fallen sharply. 8 This makes our gender analysis of the Clinton unfollowers particularly interesting. The main reading is that we have not detected any gender affinity effect among the Clinton unfollowers. Females make up a larger proportion among Clinton's unfollowers than among her followers. The same holds for Donald Trump, but the effect is not nearly as pronounced as that for Clinton. This is in spite of Trump's feuds with Megyn Kelly and Carly Fiorina.
Using score test (Table VII) , we are able to show that for both Clinton and Trump their unfollowers are statistically more likely to be female than their current followers. 
C. Age
In this subsection, we study the age distribution of the candidates' unfollowers. In particular, we are interested in answering which age group is more likely to leave as compared with current followers.
We address this demographic question by comparing the age distribution of the candidates' unfollowers with the current followers. We report our results in Figure 7 . Consistent with real world voting, we find that people between 12 and 26 are more likely to leave the Clinton camp. 9 We also find that individuals aged between 27 and 42 occupy a larger presence among the Trump unfollowers than among the Trump followers.
Using score test (Table VIII) , we are able to show that the Clinton unfollowers are statistically more likely to be in the 12-26 age group than Clinton followers and that the Trump unfollowers are more likely to be 27-42 age group. Figure 10 . African American followers are also less likely to unfollow Donald Trump. The effect is less pronounced than Clinton.
We report our results in Figure 9 and Figure 10 . We find that, consistent with polling results, Hillary Clinton has a larger share of African Americans followers than Donald Trump. We also observe that African American followers are substantially less likely to unfollow Clinton (Table IX) . 10 V. LIMITATIONS AND FUTURE RESEARCH Our work is built on the assumption that Twitter users, campaign followers in particular, are representative of the 10 The same also holds for Trump, only to a smaller degree. demographics of the U.S. population. This assumption may not exactly hold as various demographic dimensions such as gender, race and geography are skewed in Twitter [13] . As shown in Section IV, the young are more likely to unfollow Hillary Clinton, and meanwhile the young are also more likely to be Twitter users, which could produce selection bias and exaggerate our estimation [6] . Nonetheless, we believe the direction of our estimates will remain consistent, especially if calibrated by reliable polls.
Our study has focused mostly on images and we have demonstrated its effectiveness. In future work, we intend to incorporate text-based analysis (e.g. of user name and tweets) [3] to further improve our performance.
VI. CONCLUSION
We have studied and compared the social demographics of the two presidential nominees' followers and unfollowers. Our study shows that for both candidates followers with more social capital are more likely to leave. Also, the unfollowers are more likely to be female than the followers. The phenomenon is particularly pronounced for Clinton. When it comes to age, middle-aged individuals are more likely to leave Trump and the young are more likely to leave Clinton. Lastly, African Americans are less likely to unfollow either candidates, and are particularly unlikely to unfollow Hillary Clinton.
It is important to note that our study is based on the actual following and unfollowing actions of high-potential voters at a very large scale. This is akin to voting with their feet, thus is arguably more reliable than polling data.
